Context. R Coronae Borealis stars (RCBs) are hydrogen-deficient and carbon-rich supergiant stars. They are very rare, as only ∼ 50 are actually known in our Galaxy. Interestingly, RCBs are strongly suspected to be the evolved merger product of two white dwarfs and could therefore be an important tool to understand Supernovae type Ia in the double degenerate scenario. Constraints on the spatial distribution and the formation rate of such stars are needed to picture their origin and test it in the context of actual population synthesis results. Aims. It is crucial to increase significantly the number of known RCBs. With an absolute magnitude M V ∼ −5 and a bright/hot circumstellar shell made of amorphous carbon grains, RCBs are so distinctive that we should be able nowadays to find them everywhere in our Galaxy using publicly available catalogues. In the optical, the search is difficult as RCBs are known to undergo unpredictable photometric declines. However mono-epoch mid-infrared data can help us to discriminate RCBs among other dust-producing stars. The aim is to produce from the mid-infrared WISE and near-infrared 2MASS catalogues a new catalogue of reasonable size, enriched with RCB stars. Methods. Colour-Colour cuts used on all stars detected are the main selection criteria. The selection efficiency was monitored using the 52 known RCBs located in the sky area covered by the WISE first preliminary data release. Results. It has been found that selection cuts in mid-infrared colour-colour diagrams are a very efficient method of discriminating RCBs from other stars. An RCB enriched catalogue made of only 1602 stars, with a high detection efficiency of about 77%, was produced. Spectral energy distributions of 49 known RCBs and 5 known HdCs are also presented with estimates of their photosphere and circumstellar shell temperatures. Conclusions. The newly released WISE all sky catalogue has proven to be a valuable resource in finding RCB stars. Actual scenarios predict that between 100 and 500 RCBs exist in our Galaxy. The newly created RCB enriched catalogue is an important step forward to significantly increase the number of known RCB stars and therefore better understand their origin.
Introduction
There exists classes of stars that differ from the vast majority of the stars known in the sense that they are hydrogen-deficient. They are called extreme Helium stars (eHe), hydrogen-deficient Carbon stars (HdC) and R Coronae Borealis (RCB) stars. The last two are supergiant carbon-rich stars and have therefore strong spectroscopic similarity, but only RCBs are known to undergo unpredictable fast and large photometric declines (up to 9 mag over a few weeks) due to carbon clouds formed close to the line of sight that obscure the photosphere. Such particular events in such peculiar stars have made RCBs much-followed objects among many generations of astronomers. Nowadays, RCBs have become even more interesting as they are increasingly suspected to result from the merger of two white dwarfs (one CO-and one He-), called the double degenerate (DD) scenario. The DD model has been strongly supported by the observations of an 18 O overabundance in HdC and cool RCB stars (Clayton et al. 2007; García-Hernández et al. 2010) , and of surface abundance anomalies of a few elements, fluorine in particular (Pandey et al. 2008; Jeffery et al. 2011) . RCBs are actually the favoured candidates to be the lower mass counterpart of Supernovae type Ia objects in a DD scenario Diehl et al. 2008) , therefore detailed studies of their peculiar and disparate atmoSend offprint requests to: Patrick Tisserand; e-mail: tisserand@mso.anu.edu.au sphere composition would help us to constrain simulations of merging events (Jeffery et al. 2011) . RCB stars are rare: we currently know about 50 of them in the Milky Way (see Tisserand et al. 2008 , and references therein), which is only a factor of two higher than in the Magellanic Clouds, where 23 RCBs are known (Alcock et al. 2001; Tisserand et al. 2004 Tisserand et al. , 2009 ). The small number of known RCB stars and the bias due to their discovery from different surveys prevent us from having a clear picture of their true spatial distribution. Different views are found in the literature. Iben & Tutukov (1985) reported a scale height of h ∼ 400 pc assuming M Bol = −5 and concluded that RCBs are part of an old disk-like distribution. However, Cottrell & Lawson (1998) noted that the Hipparcos velocity dispersion of RCB stars is similar to those of other cool Hydrogen-deficient carbon stars and extreme Helium stars, suggesting that RCB stars might have a bulge-like distribution. Recently, adding to the confusion, Tisserand et al. (2008) found that the majority of Galactic RCB stars seem to be concentrated in the bulge with the surprising peculiarity of being distributed in a thin disk structure (61 < h per year (Nelemans et al. 2001; Ruiter et al. 2009 ), we can expect between 100 and 500 RCB stars to exist in our Galaxy.
RCB stars are very bright, −5 M V −3.5 (Tisserand et al. 2009, Fig. 3) , and can therefore easily be found anywhere in our Galaxy. However, numerous observations are necessary to look for their main signature, large declines in luminosity. Wellsampled light curves, with a limiting magnitude of ∼ 18 for a large fraction of the sky, will not be available until the arrival of the LSST telescope 1 . Fortunately, RCBs are also known to possess relatively warm and bright circumstellar shells, easily detectable in the mid-infrared. These shells are made of amorphous carbon dust which translates to an almost featureless midinfrared spectrum (Aníbal García-Hernández et al. 2011) , unlike the spectra of classical old stars which have silicate and hydrogen rich dust shells. Therefore, one can imagine finding RCBs using only publicly available infrared catalogues. Such attempts have been made : Tisserand et al. (2011) found two new RCBs in the Galactic bulge using mainly mid-infrared Spitzer 2 GLIMPSE 3 data and OGLE-III 4 light curves, and Kraemer et al. (2005) found cool objects in the Small Magellanic Cloud (SMC) with featureless spectra using the Spitzer spectrograph. Therefore it is interesting to look at how the first data release of the all-sky mid-infrared survey WISE (Wide-Field Infrared Survey Explorer) (Wright et al. 2010 ) can improve our search for RCBs. This is the goal of the research described in this article.
In Section 2, I describe briefly the WISE survey and catalogue and explain the impact of the [4.6] band bias observed on bright objects using the spectral energy distribution of known RCB stars. I describe in Sect. 3 all the criteria used in the analysis to select a small subsample of the WISE catalogue, enriched in RCB stars. Section 4 is a discussion of the outcome of the analysis and of the characteristics of the newly formed catalogue.
WISE catalogue and the known RCB stars
The Wide-field Infrared Survey Explorer (WISE) mapped the entire sky during 2010 in 3.4, 4.6, 12 and 22 µm with, respectively, 6.1, 6.4, 6.5 and 12.0 arcsec in angular resolution and 0.08, 0.11, 1.0 and 6.0 mJy in point source sensitivities at 5 sigma (Wright et al. 2010) . A few months later, a preliminary data release (WISE-PDR1) was delivered from the first 105 days of observation. The catalogue contains 257 million sources spread over 57% of the sky. Fortunately for an RCB star search, the released sky area covers the entire Galactic bulge (see Figure 1 ), where most of the known RCBs are located.
Indeed, 46 of 52 Galactic and 4 of 23 Magellanic RCBs are catalogued in WISE-PDR1, but also all 5 known HdCs and 4 DY Per type stars. All WISE magnitudes and the 1-sigma error associated are listed in Table 3 for each object. In Table 4 , I also list fluxes and 1-sigma errors of all bright Galactic RCBs observed by the AKARI satellite, which did a mid-infrared allsky survey in 2006 in 6 bands (centred at 9 and 18 µm with the IRC camera, and 65, 90, 140 and 160 µm with the FIS camera) (Murakami et al. 2007 ).
1 LSST: Large Synoptic Survey Telescope (Ivezic et al. 2008) 2 Spitzer is a space telescope launched in 2003 to do infrared imaging and spectroscopy (Werner et al. 2004) 3 GLIMPSE: Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (Churchwell et al. 2009) 4 OGLE-III: Optical Gravitational Lensing Experiment (Udalski 2003) Figure 1: Representation of the Galactic map, b vs l, with all objects selected by the analysis (black dots) and the known Galactic RCB stars (larger red dots). The black lines represent the approximate limits of the sky area released in the WISE-PDR1 catalogue.
Photometry of bright non-saturated sources in WISE-PDR1 has an accuracy of about 2% in [3.4] , [4.6] and [12] , and about 3% for [22] (see for more details Cutri et al. 2011 , the WISE preliminary release explanatory supplement document). The sensitivity varies significantly due to the different depth of coverage (∼ 10 epochs on average), the background emission, and the source confusion. Saturation begins to affect sources brighter than approximately 8.0, 6.7, 3.8 and -0.4 mag respectively in all four bands. Most of the known RCBs are brighter than these limits, therefore only the PSF-fitting magnitudes will be used in the study. Measurements of saturated sources are realised with the non-saturated pixels in the objects'wings. Profile-fit photometry begins to fail for sources brighter than 1.0, 0.0, -2.0 and -6.0 mag, which are fortunately brighter than the brightest known RCB star. Photometric bias due to saturation remains small (< 0.1 mag) for the [3.4] , [12] and [22] WISE bands; however, an over-estimate in brightness is observed in the [4.6] band, up to nearly 1 mag for objects brighter than 3 mag above the saturation limit (which corresponds to [4.6] ∼ 3.5 mag). The impact of this bias on bright [4.6] objects will be discussed several times in this article, especially in Sect. 2.2.1.
WISE variability and classification flags
RCB shell brightness varies. Feast et al. (1997) have shown that one can also observe in the L band (3.5 µm) the short-term oscillations that are observed in the optical (±0.5 mag), as the shell reflects light from the photosphere. However, the typical RCB large photometric declines are not observed in the mid-infrared as only the photosphere gets obscured by clouds. The effect of these clouds on the shell luminosity is different. Clouds produced in any direction, not just in the line of sight, will obscure the light coming from the star and therefore make the shell luminosity gradually fainter. Mid-infrared monitoring could therefore be used as a good indicator of change in the dust formation rate around the photosphere of an RCB star. A clear example is presented by Feast et al. (1997) with UW Cen, where a variation of up to 3 mag in a ∼ 1000 days was observed. This phenomenon is also well described by Clayton et al. (1999) .
WISE-PDR1 gives a variability flag for each band. Therefore one can expect to get a positive variability flag for some of the RCBs catalogued. However, none of them was flagged to be variable, which is surprising as pulsations with periods between 30 to 60 days and amplitudes of ∼ 0.5 mag should have been noticed. The variability flag was calculated if an object was observed at least 11 times, but only 45% of the RCBs have passed this threshold. (Z Umi has the record with 34 measurements, followed by R CrB and Y Mus with 20 measurements.) Furthermore, successive observations of a WISE field were made on a short time scale. They span at maximum a time range of a few days, which could be too short to observe variability in RCBs.
A classification (star/galaxy) flag is also available in WISE-PDR1, but it will not be used in further analysis as most of the catalogued RCBs were found to be not consistent with a point source.
Spectral energy distributions
The spectral energy distributions (SEDs) of all bright Galactic RCB and HdC stars were reconstructed using catalogues from 6 different surveys done in the last 10 years (see Figures 9 to 12 ). In the optical, it is important to measure the maximum brightness of an RCB and only well sampled monitoring on a long time scale can give us a confident result. Therefore, light curves published by AAVSO 5 (4 bands : B, V, R and I) and ASAS-3 6 (V band) surveys have been analysed. The DENIS 7 I magnitude was also used if the epoch corresponded to a maximum brightness phase, as shown by AAVSO or ASAS-3 lightcurves. Overall, the maximum brightness measured in each optical band is accurate to ∼ 0.05 mag (1-sigma standard error). In the nearinfrared, the 2MASS 8 J, H and K magnitudes were used. Due to the pulsating variability of RCB stars brightness, the accuracy of the maximum brightness measurement in these 3 bands is low, and estimated to be ∼ 0.3 mag. A carbon extinction correction was applied if the 2MASS epoch corresponded to a fading phase of an RCB. This was the case for only 7 stars : SU Tau, UW Cen, RZ Nor, V517 Oph, WX CrA, V348 Sgr and DY Per. We used for such corrections the ∆V magnitude variation observed at that particular epoch and the absorption coefficients of pure amorphous carbon dust presented by Groenewegen (1995, Fig. 2) . All magnitudes used in the study are listed in Table 1 together with the interstellar reddening and extinction factors, E(B − V) and A V , obtained from the COBE/DIRBE 9 map (Schlegel et al. 1998 ) with a 4 pixel interpolation. The 1-sigma error on E(B-V) is about 0.1 mag and becomes higher at higher extinction, up to 0.3 mag at E(B − V) ∼ 1.2 mag (Tisserand et al. 2008 ). These extinction coefficients were applied to all optical and nearinfrared magnitudes using Pei (1992) extinction curves, except for 7 stars located at low Galactic latitude (|b| 5 deg) where Schlegel et al. (1998) note that the calculated reddening is uncertain and untrustworthy as no contaminating sources were removed 10 . For these stars, the reddening was calculated from the Asplund et al. (2000) photosphere effective temperature determined using high resolution spectra, and the V − I colour index of the stars before reddening correction.
The SEDs were fitted using the program DUSTY (Nenkova et al. 2000) with two (or three if necessary) black bodies, a shell made entirely of amorphous carbon grains and an MRN (Mathis et al. 1977 ) size distribution from 0.005 to 0.25 µm. The DUSTY models used have a photosphere temperature ranging from 2800 and 20000 K with a step of 100 K and a shell temperature ranging from 300 to 1200 K with a step of 50 K. The shell visual optical depth, τ V , varied also between 10 −3 and 10 on a logarithmic scale with 40 increments. The results are presented in Figures 9 to 12 together with the fitted effective temperatures. (As mentioned earlier, for 7 RCBs located at low Galactic latitude, the photosphere effective temperature was fixed to the temperature determined by Asplund et al. 2000) . In the mid-infrared, only three WISE magnitudes were used: the [4.6] band was not considered. AKARI magnitudes were fitted if no WISE magnitudes were available -this is the case with UV Cas, U Aqr and V482 Cyg -or if a clear third cold black body was observed (as with DY Cen, MV Sgr, UW Cen and WX CrA).
As described in Sect 2.1, RCB' shell brightness varies. It is therefore not surprising to observe differences in luminosity between the WISE and AKARI data, which were taken 4 years apart. Such differences are visible on the SEDs presented, particularly with RT Nor, where a ∼ 2 mag variation is observed, but also with V1783 Sgr and V3795 Sgr. I note that the 2MASS K band can also be affected by shell brightness variation in the case of a hot shell (see WX CrA SED for example). The K flux was not used in the SED fit if it clearly contradicted the mid-infrared fluxes.
On average, the accuracy on the temperature and optical depth estimates is not better than ∼ 10%, because of the combined effect of the interstellar dust extinction uncertainty (main effect), the missing U band magnitude and the fact that I did not use a model of a carbon rich photosphere 11 (see Lobel et al. 1998) . I compared the photosphere effective temperature found to the more reliable one estimated by Asplund et al. (2000) for 17 RCBs using high resolution spectra (temperatures from Asplund et al. 2000 , are also indicated on the SED Figures) . Clearly, the SED method overestimates the photosphere effective temperature by about 600 K on average. On the other hand, for 4 of the 7 RCB stars (RZ Nor, Y MUs, UV Cas and V3795 Sgr) located at low Galactic latitude, the best SED model found with a photosphere temperature fixed to the one estimated by Asplund et al. (2000) and with an interstellar reddening deduced from this temperature, does not fit well the near-infrared magnitudes, indicating that the photosphere temperatures could be underestimated.
Nevertheless, with this simple exercise, I can confirm that RCB stars have a wide range of photosphere temperatures, with the vast majority having a temperature between ∼ 4000 and 8000 K (spectral type K to F), with a few exceptions being hotter 10 Effectively, for 5 of the 7 RCBs, the fitted photosphere effective temperatures were higher than 12000 K, when the Schlegel et al. (1998) map was used to correct for interstellar reddening. This is about 5000 K higher than expected.
11 Carbon molecules CN and C 2 create strong absorption features in the optical and the near-infrared continuum. Table 1 : The optical and near-infrared maximum apparent magnitudes determined from the AAVSO, ASAS, DENIS and 2MASS datasets. No interstellar extinction was applied to the magnitudes. From Schlegel et al. (1998) map, using 4 pixels interpolation.
b Calculated using E(B − V)/A V = 3.08 c Values in parentheses are the reddening E(B − V) and the extinction A V determined using the photosphere Effective temperatures found by Asplund et al. (2000) . The related stars are close to the Galactic plane (|b| 5 deg).
than 10000 K (DY Cen, MV Sgr and V348 Sgr) (De Marco et al. 2002) . RCBs also have a wide range of shell temperatures ranging from ∼ 400 to ∼ 1000 K. The typical RCB shell temperature is about 700 K with a visual optical depth of τ V ∼ 0.4. The distributions of these three parameters are presented in Figure 2 . The SEDs of HdC stars, presented in Figure 12 , confirm that their spectral types are F-G, with an effective temperature ranging from 5500 to 7000 K. As no brightness declines have ever been recorded with HdC stars, it is not surprising not to detect a mid-infrared excess in their SEDs, but interestingly in the case of one HdC, HD 175893, one can fit a second blackbody which corresponds to a shell with an effective temperature of ∼ 500 K. HD 175893 could therefore be an RCB star going through a long period of low activity, corresponding to a low, if any, dust production rate. Furthermore, I note that HD 175893 has passed all the RCB selection criteria described below in Sect. 3.
WISE [4.6] band bias on bright objects
An interesting output of this work comes from the difference of the [4.6] magnitude published by WISE and the one expected from the best SED model found. Figure 3 summarises the situation. As mentioned earlier, the WISE team reported a bias for bright objects in the [4.6] band, whose brightness could be overestimated by almost 1 mag. I confirm this effect. One can see that for RCBs brighter than [4.6] ∼ 5.0 mag, there exists a gradual increase of an overestimation of the [4.6] brightness, up to ∼ 0.9 mag, and a decrease after [4.6] ∼ 3.0 mag down to the nominal brightness. RCBs whose [4.6] magnitude is certainly affected (with 5.0 [4.6] 1.5 mag) are indicated in Table 3 . The WISE team has not yet found the source of this bias. This significant effect will be taken into account in the analysis described below.
Analysis
Using the WISE and 2MASS catalogues, a series of pragmatic selection criteria was developed and optimised to create a reasonable size catalogue enriched in RCB stars located within 50 kpc. The criteria are described below. The detection efficiency of each cut was controlled using 52 known RCBs (see Table 2 ).
Colour-Colour cuts on all stars detected in every four WISE and three 2MASS broadbands are the main selection criteria used, as they do not impact on the distance of the RCB. These selection criteria are as follows. 1. The first selection criterion is simply to keep all objects detected and listed in the WISE catalogue. This process is made difficult by the brightness of RCB stars (often saturated) but also by the blending effect at low Galactic latitude where many RCB stars are expected to be. 52 known RCBs are expected to have been catalogued in WISE-PDR1 from the sky area released (see Figure 1) . However, two are missing, OGLE-GC-RCB-1 & -2 which were discovered already from their shell brightness and colours using the Spitzer-GLIMPSE catalogue (Tisserand et al. 2011) . These 2 RCBs are located at very low Galactic latitude (b ∼ 3.0 and ∼ −1.8 15 mag). Also, the maximum extinction due to a cloud of carbon soot is known to be ∆ ∼ 9 mag in V (Clayton 1996) , which corresponds to ∼ 3 mag in J and ∼ 1.6 mag in K. Even in that extreme scenario, an RCB star located within ∼ 50 kpc should have been detected by the 2MASS survey under reasonable interstellar extinction conditions (A clouds V 4 mag). 4. The first Colour-Colour selection cut was applied on the WISE catalogue to select a reasonable number of objects to work with :
The selection is illustrated in Figure 4 . One can see that this selection is very effective as it selects all objects with a clear shell signal and eliminates most of the galaxies located in the top-right corner of the diagram. It keeps only 5% of all objects catalogued, but rejects only 2 of the RCB stars used as references. These 2 RCBs are DY Cen and MV Sgr. They do not resemble the majority of RCB stars known, as they are hot (T eff ∼ 12000 K, see Figure 9 ) and surrounded with multiple shells. Furthermore, and more interestingly, RCB stars are located in an underpopulated area of the diagram. They lie in an area well separated from the vast majority of the cooler AGB stars. This selection is refined in selection 6, and a discussion of the impact of the bias that affects bright objects in [4.6] is also presented. 5. RCB stars are known to present an excess in the near-infrared compared to classical supergiant stars (see Tisserand et al. 2009 , Fig.4 ) due to the warm circumstellar shell that contributes significantly to the near-infrared fluxes. A selection has therefore been applied in the J − H vs. H − K diagram. Because the interstellar extinction affects these magnitudes significantly, cuts were developed for the 3 following Galactic latitude ranges, A, B and C: A: b > 2 deg, B: 1 b < 2 deg (which corresponds to A V ∼ 2 mag) and C: b 1 deg (with A V ∼ 5 mag). Three selection cuts were applied and are described below. The parameters for each Galactic latitude range are given in square brackets as follows [A,B,C]:
The interstellar extinction vector corresponds to (J − H)/(H − K) ∼ 5/3, therefore the last selection cut is identical for each Galactic latitude range. These 3 selection cuts are represented on Figure 6 . Only 2% of the remaining objects passed this criterion, and only two RCB stars, Y Mus and XX Cam, were eliminated. 6. The selection criterion 4 is readjusted to reject most of the AGB stars, and the applied cut is illustrated in Figure 6 : As discussed in Sect. 2.2.1, the brightness of bright objects in [4.6] is overestimated. RCBs affected by this bias are indicated in Table 3 , and the estimated corrections are represented in Figure 6 with black vertical lines. After correction, one can see that none of the RCBs reached the upper limit set at 3.0 mag on [4.6] − [12]. The impact of the [4.6] bias on this selection criteria is therefore very limited. On the other hand, two out of the three RCBs that are eliminated by the present selection would have been selected if the bias did not exist. As we can expect that many of the RCBs we are looking for are relatively bright in the [4.6] band, all 3 known RCBs rejected will nevertheless be counted in the detection efficiency estimation. 7. The present criterion target RCB brightness and therefore their distance modulus. A selection was applied on the colour -magnitude diagram K vs J − K. The colour J − K of RCBs is due to three effects: the interstellar reddening, the warm circumstellar shell contribution to near-infrared fluxes and for some RCBs the reddening due to clouds made of carbon soot during an extinction event (at maximum ∆(J − K) cloud ∼ 1.4 mag). The RCBs' J − K colour is therefore not simple and the selection limits slope were chosen with care. They are illustrated on Figure 5 . The goal of this analysis is to create a catalogue enriched with RCB stars located within 50 kpc, therefore all RCBs discovered in the Large Magellanic Cloud (LMC) were represented in this diagram (they all have an entry in the 2MASS catalogue). They were used to estimate the lower end of the brightness cut. Only 2, EROS2-LMC-RCB-2 & -3, out of 19 LMC RCBs were not selected.
On the bright end of the selection, 2 of the brightest known RCBs, R CrB and V854 Cen, are located close to the upper limit. Very bright RCBs are not the primary target of this analysis as very few are expected, therefore only a small margin was used in this choice. 8. As mentioned earlier, the RCB's warm circumstellar shell can contribute significantly to the near-infrared fluxes. This effect can be understood in a J − K vs J − [12] Colour-Colour diagram. Effectively, a correlation between both colours is observed for RCBs (see Fig. 7 ). When the RCB shell becomes brighter, its flux contribution to the K band increases and as a consequence J − K becomes redder. This effect is in combination with the interstellar reddening effect. Interestingly, it is also relatively simple in that diagram to reject the remaining main contaminants, the Mira type stars. Indeed, they are located in an isolated area of the diagram. The applied cuts were designed to optimise the rejection of Miras without impacting too much on the RCB detection efficiency. The second selection follows the interstellar reddening vector:
Only 2 known RCB stars, out of the 42 that passed all the precedent criteria, were rejected by the present selection. They are EROS2-RCB-CG-12 and MACHO-308-38099.66. It is interesting to note that the former one has a light curve that presents large oscillations and may therefore be a Mira type star, instead of an RCB (see Tisserand et al. 2008 , Fig.9 ).
Discussion
1602 objects have passed the pragmatic selection criteria that have just been enumerated. Of the 52 already known RCBs that are located inside the sky area covered by the WISE survey preliminary data release and used as reference, 41 have passed all 8 criteria, which corresponds to a detection efficiency of about 77%. For the detection efficiency calculation, it would have been preferable to use a Monte-Carlo simulation of RCBs with a range of photosphere and shell temperatures, but our knowledge of the distribution of these last parameters is very limited. It is worth noting that the RCB sample used as reference is biased toward bright RCBs and therefore had a negative impact on the detection efficiency (see criteria 2 and 6). Bright RCBs are not the primary target of this analysis as very few of them, if any, are expected to have not been discovered yet. At the other end, the selection is biased against RCB stars with faint shells and RCB stars in a crowded environment (see criteria 1 and 5). In the last case, a detection algorithm correction in a future WISE data release may resolve the issue. About 70% of the objects selected are located towards the Galactic bulge (see Figure 1) , at ±5 deg from the Galactic plane, and 85 (∼ 5%) are located in the Large Magellanic Cloud, whose sky area has been only partially covered in WISE-PDR1.
The final catalogue was cross-matched with the DENIS and USNO-B1 12 catalogues, using a strict matching radius of 1 arcsec. Only 895 objects have an entry in the DENIS catalogue and 538 in the USNO-B1 one. DENIS did a survey of all the southern sky in I, J and K bands, while USNO-B1 covers the entire 12 USNO: United States Naval Observatory (Monet et al. 2003) sky in B, R and I (2 epochs in B and R). Overall, using both catalogues, 711 objects have a valid I band magnitude, but surprisingly only 285 have a valid entry in both catalogues. The I band magnitude distribution is presented in Figure 8 , as well as the difference in magnitude between I DENIS and I USNO−B1 . With an absolute magnitude M I ∼ −5 mag (Tisserand et al. 2009 ), an RCB star located at 50 kpc would have an apparent magnitude of I ∼ 13.5 mag during a maximum brightness phase, which is brighter than the median (∼14) of the distribution presented. The I DENIS and I USNO−B1 magnitudes should be used to prioritise further follow-up. During some large photometric decline phases, some RCB stars could have been observed at fainter magnitude up to the magnitude limit (I DENIS,lim ∼ 18.5 mag, or ∼ 17 mag in crowded area): Figure 8 , on the right, shows that some of the selected objects have known photometric variation up to 6 mags between both survey epochs.
The fact that only ∼ 33% of the 1602 selected objects have an entry in the USNO-B1 catalogue indicates that most of those 1602 objects are faint, with a visual magnitude lower than 20. The interstellar extinction has certainly an influence on this low percentage, but it is not the absolute answer as half of these faint objects are located at 2 degrees or more from the galactic plane (| b |> 2 deg) where extinction A V is lower than ∼ 2 mag. Under such extinction, an RCB star at maximum brightness and located within 50 kpc is still detectable, therefore these objects could be intrinsically optically faint and a contaminant of our research. However, they may also be (or a fraction of them) RCB stars that are heavily dust enshrouded. If one doesn't expect that during the lifetime of an RCB star, there exists a long phase of high dust production rate, then these objects should be considered as weak candidates. However, it is worth noting that the RCB star V854 Cen remained 7 mag below its maximum brightness for about 50 years (Grasdalen et al. 1986 ).
I note also that a third of the 1602 selected objects have a WISE [4.6] magnitude brighter than 5 mag. The [4.6] brightness of these objects is therefore overestimated (see Sect. 2.2.1).
The selected list of objects was also cross-matched with the SIMBAD database with a matching radius of 5 arcsec. Figure 7 , right side, summarises the situation. 569 of the 1602 objects were found to have a classification, but 307 of those are classified only as IRAS sources and 30 others only as stars, without further informations. However, of the 232 remaining, 62 stars are classified interestingly as Carbon stars; they are stars that will need to be looked at closely in future photometric and spectroscopic follow-ups. Also, 46 objects are classified as Variable, Pulsating, Semi-regular or RV Tauri stars. RCB stars are known to present periodic pulsating variability with an amplitude of ∼ 0.5 mag; therefore these stars will be interesting to monitor and study more closely. Despite the fact that many of the objects classified as Mira or OH/IR stars were rejected using selection criterion 8, 49 remained in the final sample. Most of them are certainly genuine, particularly at J − [12] > 9 mag, but it is also worth indicating that a few Miras are located in the J − K vs J − [12] diagram at a position not expected for these type of object and can therefore be suspected of misclassification. There are 14 such objects with J − K < 3 mag. A visual inspection of the ASAS-3 lightcurves of these objects have shown that 2 of them present Mira-type photometric variation (Id 45 and 1197), 2 remain stable (Id 623 and 1409), but more interestingly 3 present clear photometric variations typical of RCB stars: Id 683, 793 and 917, which are named respectively V653 Sco, IO Nor and V581 CrA. The remaining 7 objects have not been catalogued and followedup by the ASAS-3 survey. I note that 26 objects are classified as galaxies or clusters of galaxies. These objects are faint, with . Left: the black dots represent the remaining objects after application of selection criterion 7. The red line represents the selection cut number 8. The larger dots correspond to RCB or HdC stars that have also passed the first 7 criteria, with the same colour coding as in Figure 4 . The vector represents the interstellar reddening. The black curve corresponds to the combination of blackbodies consisting of a 6000 K star and a 700 K shell made of amorphous dust grains, in various proportions ranging from all "star" to all "shell". Right: the symbols represent the classification found in SIMBAD. About 15% of the objects selected with the first seven criteria have an entry in the SIMBAD database with a matching radius of 5 arcsec. The dashed line represents the selection cut number 8. K > 12 mag, indicating that galaxies could therefore be a major contaminant below this limit (270 on the 1602 selected objects are fainter than K > 12). Finally, 17 objects are classified as Emission stars; such objects could be contaminants in our search for RCB stars, but it is interesting to note that hot RCBs, such as DY Cen, MV Sgr and V348 Sgr, present also an emission type spectrum (De Marco et al. 2002) . Furthermore, during faint phases, RCBs spectrum generally presents many emission lines (Clayton 1996) . There does not exist any reference sample of stars to estimate the fraction of RCB stars that are potentially in the catalogue. Furthermore, little is known on the different phases during the lifetime of an RCB star and as mentioned earlier, a significant fraction of RCB stars could be heavily dust-enshrouded and therefore faint. However one can use the objects that have been classified in the SIMBAD database to obtain a crude estimate of this fraction: ∼ 15% of these objects are RCBs, it would then corresponds to about 240 new RCBs.
The RCB enriched catalogue is available from the following URL: http://www.mso.anu.edu.au/∼tisseran/RCB/ and will also be available through the VizieR 13 catalogue service. A short version of it is given as example in Table 5 . The equatorial and Galactic coordinates as well as all four WISE, three 2MASS, three DENIS magnitudes and their 1-sigma errors are listed for all 1602 objects selected. The five USNO-B1 magnitudes are also listed, but not the individual measurement error as they were not delivered in the original catalogue (see Monet et al. 2003 , for an estimate of the photometric accuracy). If one magnitude was not available, its value was replaced by the number -99. Also, if more than one epoch were available in the DENIS or USNO-B1 catalogues for one particular object, only the epoch related to the brightest magnitudes was kept. The last column of the catalogue gives the SIMBAD classification 14 , as of July 2011, found using a 5 arcsec matching radius. An underscore character was given to the objects that had no classification in SIMBAD.
Conclusion
Using both the 2MASS and WISE preliminary data release catalogues, I have created a catalogue enriched with Galactic RCB stars that lie within a distance ∼ 50 kpc. The selection criteria to select a subsample of objects with mid-and near-infrared properties similar to RCBs, were mostly based on colour-colour diagrams. This catalogue contains only 1602 entries, with ∼ 70% of the selected objects being located toward the Galactic bulge.
A reference sample of 52 known RCB stars was used to monitor the detection efficiency of the selection. About 77% of them were recovered. Such a high detection efficiency gives strong support to the RCB content of this catalogue. Each selected object will now need to be followed-up spectroscopically to discover its true nature. It is encouraging to observe that 3 of these 1602 selected objects, Id 683, 793 and 917 (resp. V653 Sco, IO Nor and V581 CrA) were found to present ASAS-3 lightcurves with brightness variations typical of RCB stars, but are misclassified in the SIMBAD database as Miras. Also, Kijbunchoo et al. (2011) has recently discovered that NSV 11154 is a new RCB stars. This star is listed in the catalogue under the Id 1240.
An analysis of the Spectral Energy Distribution of known RCB stars confirms that RCBs effective temperatures range mostly between 4000 and 8000 K (spectral type K to F), with a few exceptions being hotter than 10000 K. The RCB shell effective temperatures range between 400 and 1000 K. The typical shell temperature being ∼ 700 K with a visual optical depth of τ V ∼ 0.4. HD 175893 is the only HdC star (spectral type G to F) that presents an infrared excess indicating the existence of a warm circumstellar shell. Furthermore, HD 175893 has passed all the selection criteria to create the RCB enriched catalogue, therefore HD 175893 should be considered to be an RCB star under a phase of low activity in terms of dust production. Figure 9 : Spectral energy distributions of known bright Galactic RCB stars, normalised to flux in V. Red dots represent fluxes in the optical (B, V, R and I) and the near-infrared (J, H and K) obtained from AAVSO and the ASAS, DENIS and 2MASS surveys. The blue and black dots represent mid-infrared fluxes from the WISE and AKARI surveys respectively. The red line is the best fit found with DUSTY models (see text for more details); the related effective temperatures found (∼ 10% level accuracy) are listed at the bottom left corner in the following order, from top to bottom : photosphere, first and second circumstellar shell. If the photosphere effective temperature is between square brackets, its value was fixed during the fit and corresponds to the photosphere effective temperature determined by Asplund et al. (2000) , indicated below the name for 17 RCB stars. The values in brackets on the right side of the shell temperatures correspond to the visual optical depth found. The broken black line represents a simple blackbody function with the photosphere temperature. 
